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(57) Disclosed herein is a vacuum insulation materi-
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barrier film and the core, or the rigid body thinner than
the reference thickness is formed on the getter formed
between the barrier film and the core to ensure surface
flatness and surface hardness of the vacuum insulation
material.
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Description

[Technical Field]

[0001] The present invention relates to a vacuum in-
sulation material, and a method and apparatus for eval-
uating an internal vacuum degree of a vacuum insulation
material based on frequency response.

[Background Art]

[0002] A vacuum insulation material includes a porous
filler (core) and a barrier (barrier film) surrounding the
filler, and has very low thermal conductivity by removing
gas from the barrier film to maintain a vacuum for several
years or more.
[0003] Insulation performance of the vacuum insula-
tion material depends on the degree of vacuum therein
and decreases as the internal vacuum degree is lowered.
Thus, it is important to identify a defect of a product
through evaluation of the internal vacuum degree of the
vacuum insulation material.
[0004] In the related art, however, the degree of vac-
uum is evaluated based on thermal resistance obtained
by converting heat flux and potential values on the sur-
face of the vacuum insulation material.
[0005] Reliability of a vacuum evaluation method in the
related art can vary according to sensitivity of a sensor
for detecting heat flux and potential values and meas-
urement conditions. In addition, in the vacuum evaluation
method in the related art, since the degree of vacuum in
the vacuum insulation material can be evaluated only in
relation with thermal resistance instead of being directly
evaluated, it is necessary to impart strong stress to the
surface of the vacuum insulation material for a long period
of time.

[Disclosure]

[Technical Problem]

[0006] Some embodiments of the present invention
provide a vacuum insulation material which may disperse
or mitigate impact according to surface flatness and sur-
face hardness of the vacuum insulation material when
the impact is applied to the surface of the vacuum insu-
lation material.
[0007] Other embodiments of the present invention
provide an apparatus for evaluating an internal vacuum
degree of a vacuum insulation material, which applies
impact force to a surface of the vacuum insulation mate-
rial and then measure a natural frequency of the vacuum
insulation material to evaluate the internal vacuum de-
gree of the vacuum insulation material using a relation-
ship between the degree of vacuum in the vacuum insu-
lation material and the natural frequency, and a method
of evaluating an internal vacuum degree of a vacuum
insulation material using the same.

[0008] Some embodiments of the present invention
provide an apparatus for evaluating an internal vacuum
degree of a vacuum insulation material, which does not
require application of strong stress to the surface of the
vacuum insulation material and a long period of time for
evaluation, and can evaluate the internal vacuum degree
based only on rigidity of the vacuum insulation material
according to the internal vacuum degree, thereby ena-
bling useful application of the vacuum insulation material
to quality inspection, and a method of evaluating an in-
ternal vacuum degree of a vacuum insulation material
using the same.
[0009] The present invention is not limited to the above
embodiments, and other embodiments will become ap-
parent by those skilled in the art.

[Technical Solution]

[0010] One aspect of the present invention provides a
vacuum insulation material including: a barrier film; and
a core, wherein a rigid body thinner than a reference
thickness or a getter harder than a reference hardness
is formed between the barrier film and the core, or the
rigid body thinner than the reference thickness is formed
on the getter formed between the barrier film and the
core to ensure surface flatness and surface hardness of
the vacuum insulation material.
[0011] The reference thickness may range from 0.5
mm to 0.5 mm.
[0012] The reference hardness may range from 2H to
4H.
[0013] Another aspect of the present invention pro-
vides an apparatus for evaluating an internal vacuum de-
gree of a vacuum insulation material, including: a ham-
mer unit which applies impact to a portion of a surface
of the vacuum insulation material corresponding to a rigid
body or a getter in the vacuum insulation material to ex-
cite the vacuum insulation material; a displacement
measuring unit which measures displacement of a ma-
terial point according to the impact applied to the vacuum
insulation material; a frequency analysis unit which
measures a natural frequency of the vacuum insulation
material based on the measured displacement; and a
vacuum evaluation unit which evaluates the internal vac-
uum degree of the vacuum insulation material based on
the natural frequency.
[0014] The frequency analysis unit may process the
measured displacement via Fourier Transform to obtain
a frequency spectrum and analyze the frequency spec-
trum to measure the natural frequency of the vacuum
insulation material.
[0015] The vacuum evaluation unit may compare the
natural frequency measured by the frequency analysis
unit with the reference frequency to evaluate the internal
vacuum degree of the vacuum insulation material.
[0016] The reference frequency may be an average
value of natural frequencies of normal vacuum insulation
materials for specific sizes and weights and may be within
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a predetermined reference frequency range.
[0017] When the measured natural frequency deviates
from the reference frequency range, the vacuum evalu-
ation unit may determine that the internal vacuum degree
of the vacuum insulation material is poor, and when the
measured natural frequency is within the reference fre-
quency range, the vacuum evaluation unit may determine
that the internal vacuum degree of the vacuum insulation
material is good.
[0018] The apparatus may further include: a force sen-
sor for measuring a magnitude of force transferred to the
vacuum insulation material as the hammer unit strikes
the vacuum insulation material. The frequency analysis
unit may convert the measured displacement to a me-
chanical compliance value according to an equation re-
garding a relationship between the displacement and the
force, and analyze the converted mechanical compliance
value in a frequency region to measure the natural fre-
quency of the vacuum insulation material.
[0019] The displacement measuring unit may include
a laser displacement sensor which measures displace-
ment while being separated a predetermined distance
from the vacuum insulation material.
[0020] A further aspect of the present invention pro-
vides an apparatus for evaluating an internal vacuum de-
gree of a vacuum insulation material, which includes: a
hammer unit which applies impact to a portion of a sur-
face of the vacuum insulation material corresponding to
a rigid body or a getter in the vacuum insulation material;
an acceleration measuring unit which measures accel-
eration of a material point according to the impact applied
to the vacuum insulation material; a frequency analysis
unit which measures a natural frequency of the vacuum
insulation material based on the measured acceleration;
and a vacuum evaluation unit which evaluates the inter-
nal vacuum degree of the vacuum insulation material
based on the natural frequency.
[0021] The frequency analysis unit may process the
measured acceleration via Fourier Transform to obtain
a frequency spectrum and analyze the frequency spec-
trum to measure the natural frequency of the vacuum
insulation material.
[0022] The acceleration measuring unit may include a
laser acceleration sensor which measures the accelera-
tion while being separated a predetermined distance
from the vacuum insulation material.
[0023] Yet another aspect of the present invention pro-
vides a method of evaluating an internal vacuum degree
of a vacuum insulation material, which includes: applying
impact to a portion of a surface of the vacuum insulation
material corresponding to a rigid body or a getter in the
vacuum insulation material; measuring displacement of
a material point according to the impact applied to the
vacuum insulation material; measuring a natural frequen-
cy of the vacuum insulation material based on the meas-
ured displacement; and evaluating an internal vacuum
degree of the vacuum insulation material based on the
natural frequency.

[0024] The measuring a natural frequency of the vac-
uum insulation material may include: processing the
measured displacement via Fourier Transform to obtain
a frequency spectrum; and analyzing the frequency spec-
trum to measure the natural frequency of the vacuum
insulation material.
[0025] The evaluating an internal vacuum degree of
the vacuum insulation material may include: determining
that the internal vacuum degree of the vacuum insulation
material is poor when the measured natural frequency
deviates from a reference frequency range; and deter-
mining that the internal vacuum degree of the vacuum
insulation material is good when the measured natural
frequency is within the reference frequency range.
[0026] The method may further include: measuring a
magnitude of force transferred to the vacuum insulation
material as the hammer unit strikes the vacuum insulation
material; converting the measured displacement to a me-
chanical compliance value according to an equation re-
garding a relationship between the displacement and the
force; and analyzing the converted mechanical compli-
ance value in a frequency region to measure the natural
frequency of the vacuum insulation material.
[0027] The measuring displacement of a material point
may include measuring the displacement of the material
point using a laser displacement sensor separated a pre-
determined distance from the vacuum insulation materi-
al.
[0028] Yet another aspect of the present invention pro-
vides a method of evaluating an internal vacuum degree
of a vacuum insulation material, which includes: applying
impact to a portion of a surface of the vacuum insulation
material corresponding to a rigid body or a getter in the
vacuum insulation material; measuring acceleration of a
material point according to the impact applied to the vac-
uum insulation material; measuring a natural frequency
of the vacuum insulation material based on the measured
acceleration; and evaluating an internal vacuum degree
of the vacuum insulation material based on the natural
frequency.
[0029] The measuring a natural frequency of the vac-
uum insulation material may include: processing the
measured acceleration by via Fourier Transform to obtain
a frequency spectrum; and analyzing the frequency spec-
trum to measure the natural frequency of the vacuum
insulation material.
[0030] The measuring acceleration of a material point
may include measuring the acceleration of the material
point using a laser acceleration sensor separated a pre-
determined distance from the vacuum insulation materi-
al.
[0031] Yet another aspect of the present invention pro-
vides a method of evaluating an internal vacuum degree
of a vacuum insulation material, which includes: applying
impact to a portion of a surface of the vacuum insulation
material, which corresponds to a rigid body or a getter in
the vacuum insulation material, with an exciter for gen-
erating force; measuring acceleration of a material point

3 4 



EP 2 623 844 A2

4

5

10

15

20

25

30

35

40

45

50

55

according to the impact applied to the vacuum insulation
material; measuring a natural frequency of the vacuum
insulation material based on the measured acceleration;
and evaluating an internal vacuum degree of the vacuum
insulation material based on the natural frequency.
[0032] The measuring a natural frequency of the vac-
uum insulation material may include: processing the
measured acceleration via Fourier Transform to obtain
a frequency spectrum; and analyzing the frequency spec-
trum to measure the natural frequency of the vacuum
insulation material.
[0033] The measuring acceleration of a material point
may include measuring the acceleration of the material
point using a laser acceleration sensor separated a pre-
determined distance from the vacuum insulation materi-
al.
[0034] Details of other embodiments will be described
in the following description with reference to the accom-
panying drawings.
[0035] The above and other aspects, features, and ad-
vantages of the present invention will become apparent
from the detailed description of the following embodi-
ments in conjunction with the accompanying drawings.
It should be understood that the present invention is not
limited to the following embodiments and may be em-
bodied in different ways, and that the embodiments are
given to provide complete disclosure and a thorough un-
derstanding of the present invention to those skilled in
the art. The scope of the present invention is defined only
by the claims. The same components will be denoted by
the same reference numerals throughout the specifica-
tion.

[Advantageous Effects]

[0036] According to some embodiments of the present
invention, the vacuum insulation material may disperse
or mitigate impact according to surface flatness and sur-
face hardness of the vacuum insulation material when
the impact is applied to the surface of the vacuum insu-
lation material.
[0037] According to other embodiments of the present
invention, the method and apparatus for evaluating an
internal vacuum degree of a vacuum insulation material
may apply impact to a surface of the vacuum insulation
material and measure a natural frequency of the vacuum
insulation material to evaluate the internal vacuum de-
gree of the vacuum insulation material using a relation-
ship between the degree of vacuum in the vacuum insu-
lation material and the natural frequency.
[0038] According to some embodiments of the present
invention, the method and apparatus for evaluating an
internal vacuum degree of a vacuum insulation material
do not require application of strong stress to the surface
of the vacuum insulation material and a long period of
time for evaluation, and can evaluate the internal vacuum
degree based only on rigidity of the vacuum insulation
material according to the internal vacuum degree, there-

by enabling useful application of the vacuum insulation
material to quality inspection.

[Description of Drawings]

[0039]

Fig. 1 is a side view of a vacuum insulation material
according to one embodiment of the present inven-
tion.
Fig. 2 is a side view of a vacuum insulation material
according to another embodiment of the present in-
vention.
Fig. 3 is a side view of a vacuum insulation material
according to a further embodiment of the present
invention.
Fig. 4 is a diagram of an apparatus for evaluating an
internal vacuum degree of a vacuum insulation ma-
terial according to one embodiment of the present
invention.
Fig. 5 is a flowchart of a method of evaluating an
internal vacuum degree of a vacuum insulation ma-
terial according to one embodiment of the present
invention.
Fig. 6 is a flowchart of a method of evaluating an
internal vacuum degree of a vacuum insulation ma-
terial according to another embodiment of the
present invention.

[Best Mode]

[0040] Embodiments of the present invention provide
apparatuses for evaluating an internal vacuum degree
of a vacuum insulation material, which may measure im-
pact and displacement or acceleration of a material point
upon application of the impact to a surface of the vacuum
insulation material and may analyze a natural frequency
of the vacuum insulation material to evaluate an internal
vacuum degree of the vacuum insulation material.
[0041] The vacuum insulation material is converted
from an atmospheric state into a vacuum state when air
in a core is exhausted as an internal vacuum degree
thereof increases or an inner pressure thereof is lowered,
and thus stiffness of the vacuum insulation material in-
creases as the core is contracted. In particular, a barrier
film is firmly bonded to the core due to pressure difference
between the interior and the exterior of the vacuum in-
sulation material with respect to the middle of the barrier
film.
[0042] However, when the vacuum state in the vacuum
insulation material is released, the stiffness of the vacu-
um insulation material is lowered due to introduction of
air into the core and flexibility increases through restora-
tion of the core to its original state. In particular, an air
layer is formed between the core and the barrier film, so
that the stiffness of the vacuum insulation material is low-
ered while increasing a damping value thereof.
[0043] Thus, displacement of a material point by im-
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pact is converted into a mechanical compliance (dis-
placement/force) value, which is analyzed in a frequency
region to obtain a natural frequency of the vacuum insu-
lation material, and the internal vacuum degree of the
vacuum insulation material can be evaluated through
analysis of the natural frequency.
[0044] When the natural frequency is analyzed through
frequency analysis, the natural frequency changes as
damping ratio increases due to release of the vacuum in
the vacuum insulation material. Here, it is assumed that
the film (barrier film) and the core of the vacuum insulation
material is formed as a single body (single mass) due to
the internal vacuum pressure of the vacuum insulation
material.
[0045] In this way, in some embodiments, it can be
seen that the natural frequency changes as the damping
coefficient increases due to release of the vacuum in the
vacuum insulation material, and the degree of vacuum
in the vacuum insulation material can be evaluated.
[0046] In some embodiments, when applied to a sur-
face of the vacuum insulation material, impact can be
dispersed and reduced according to flatness and hard-
ness of the surface of the vacuum insulation material.
Thus, in some embodiments, a thin rigid body made of,
for example, steel or aluminum, is inserted into the vac-
uum insulation material and impact is applied to the cor-
responding portion.
[0047] However, a protrusion may be created on the
surface of the vacuum insulation material due to the thin
rigid body. Thus, in some embodiments, a getter is made
hard or a thin rigid body is located at an upper end of the
getter to minimize the thickness of the protrusion on the
surface of the vacuum insulation material.
[0048] Further, in some embodiments, displacement
or acceleration is measured using a displacement sensor
or an acceleration sensor. In this case, a laser sensor
capable of measuring displacement or acceleration at a
predetermined distance from a target is more advanta-
geous than a piezoelectric sensor attached to the surface
of the vacuum insulation material.
[0049] However, in some embodiments, when the pi-
ezoelectric sensor is attached to the surface of the vac-
uum insulation material to be used, it is more advanta-
geous in measuring the displacement or the acceleration
to attach the piezoelectric sensor to a portion of the sur-
face of the vacuum insulation material having good flat-
ness.
[0050] In some embodiments, an internal vacuum de-
gree of the vacuum insulation material may be evaluated
by measuring natural frequencies of normal vacuum in-
sulation material products according to size and weight
thereof and setting a frequency region obtained through
a window to an average natural frequency.
[0051] Now, embodiments of the present invention will
be described in detail with reference to the accompanying
drawings.
[0052] Fig. 1 is a view of a vacuum insulation material
according to one embodiment of the present invention.

[0053] In Fig. 1, a vacuum insulation material 100 ac-
cording to this embodiment includes a barrier film 110, a
core 120, and a rigid body 130.
[0054] When applied to a surface of the general vac-
uum insulation material 100 by an impact hammer 120,
impact may be dispersed or mitigated according to the
flatness and hardness of the surface of the vacuum in-
sulation material 100.
[0055] Thus, in this embodiment, the thin rigid body
130 formed of steel or aluminum is advantageously in-
serted into the vacuum insulation material 100 between
the barrier film 110 and the core 120. According to the
present embodiment, an internal vacuum degree of the
vacuum insulation material 100 may be evaluated by ap-
plying impact to a portion of the surface of the vacuum
insulation material 100 into which the rigid body 130 is
inserted, and measuring displacement or acceleration
through a displacement sensor or an acceleration sensor
101.
[0056] Here, the rigid body 130 has a smaller thickness
than a reference thickness, which may range from 0.5
mm to 1.5 mm. If the rigid body 130 is thicker than the
reference thickness, the rigid body 130 protrudes from
the surface of the vacuum insulation material 100, so that
the vacuum insulation material 100 has an uneven sur-
face, thereby causing a bonding problem and the like.
[0057] Fig. 2 is a view of a vacuum insulation material
according to another embodiment of the present inven-
tion.
[0058] In Fig. 2, a vacuum insulation material 200 ac-
cording to this embodiment includes a barrier film 210, a
core 220, and a getter 230.
[0059] As in Fig. 1, the rigid body 130 is inserted be-
tween the barrier film 110 and the core 120. At this time,
a protrusion can be formed on the surface of the vacuum
insulation material 100 when the rigid body 130 is thicker
than the reference value.
[0060] Thus, in the present embodiment, the getter 230
may be hard and inserted between the barrier film 210
and the core 220 instead of the rigid body 130 of Fig. 1.
Accordingly, according to this embodiment, a protruding
thickness on the surface of the vacuum insulation mate-
rial 200 protrudes may be minimized.
[0061] Here, the getter 230 is harder than a reference
hardness, which may range from 2H to 4H. The getter
230 is harder than the reference hardness in order to
allow impact to be dispersed or mitigated by a damping
effect of the getter 230 upon application of the impact to
a portion of the surface of the vacuum insulation material
200 into which the getter 230 is inserted.
[0062] Fig. 3 is a view of a vacuum insulation material
according to a further embodiment of the present inven-
tion.
[0063] In Fig. 3, a vacuum insulation material 300 ac-
cording to this embodiment includes a barrier film 310, a
core 320, a rigid body 330, and a getter 340.
[0064] As described above, in Fig. 1, the rigid body 130
is inserted between the barrier film 110 and the core 120,
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and if the rigid body 130 is thicker than a reference thick-
ness, a protrusion can be created on the surface of the
vacuum insulation material 100.
[0065] Thus, in the present embodiment, the rigid body
330 and the getter 340 are inserted between the barrier
film 210 and the core 220, in which the getter 340 is hard
and the thin rigid body 330 is located on the getter 340.
According to this embodiment, a protruding thickness on
the surface of the vacuum insulation material 300 pro-
trudes may be minimized
[0066] In this embodiment, the rigid body 330 has a
smaller thickness than the reference thickness, which
may range from 0.5 mm to 1.5 mm. If the rigid body 330
is thicker than the reference thickness, the rigid body 330
protrudes from the surface of the vacuum insulation ma-
terial 300, so that the vacuum insulation material 300 has
an uneven surface, thereby causing a bonding problem
and the like.
[0067] Further, the getter 340 is harder than a refer-
ence hardness, which may range from 2H to 4H. The
getter 340 is harder than the reference hardness in order
to allow impact to be dispersed or mitigated by a damping
effect of the getter 340 upon application of the impact to
a portion of the surface of the vacuum insulation material
300 into which the getter 340 is inserted.
[0068] In this way, in the present embodiments, since
at least one of the thin rigid body and the hard getter is
inserted between the barrier film and the core of the vac-
uum insulation material, an internal vacuum degree of
the vacuum insulation material may be more accurately
evaluated.
[0069] Fig. 4 is a diagram of an apparatus for evaluat-
ing an internal vacuum degree of a vacuum insulation
material according to one embodiment of the present in-
vention.
[0070] Referring to Fig. 4, the apparatus 400 according
to the present embodiment includes a hammer unit 410,
a displacement measuring unit 420, a frequency analysis
unit 430, and a vacuum evaluation unit 440.
[0071] The hammer unit 410 is adapted to strike a vac-
uum insulation material 401 to apply impact to the vac-
uum insulation material 401.
[0072] The hammer unit 410 may apply impact to the
vacuum insulation material 401 according to direct user
manipulation. Alternatively, the hammer unit 410 may ap-
ply impact to the vacuum insulation material 401 while
moving by operation of drive equipment.
[0073] Here, the drive equipment is provided to operate
the hammer unit and is operated to apply a predeter-
mined magnitude of force to the vacuum insulation ma-
terial 401. Further, the drive equipment may be operated
to apply various magnitudes of force to the vacuum in-
sulation material 401.
[0074] A force sensor 412 may be received in the ham-
mer unit 410. Alternatively, the force sensor 412 may be
separately disposed from the hammer unit 410. In this
way, various modifications may also be made.
[0075] The force sensor 412 serves to measure a mag-

nitude of force transferred to the vacuum insulation ma-
terial 401 as the hammer 410 strikes the vacuum insu-
lation material 401. The magnitude of the force measured
by the force sensor 412 is transferred to the frequency
analysis unit 430, and the frequency analysis unit 430
may measure a natural frequency of the vacuum insula-
tion material 401 based on the measured magnitude of
the force.
[0076] The displacement measuring unit 420 meas-
ures displacement of a material point according to impact
applied to the vacuum insulation material 401. That is,
the displacement measuring unit 420 serves to measure
displacement of a point (region) of the vacuum insulation
material 401 to which the impact is applied.
[0077] As used herein, the term "material point" refers
to an ideal point on which a mass of an object is regarded
as being completely concentrated so that the object has
only the mass without any physical volume.
[0078] The displacement measuring unit 420 may be
realized by a laser displacement sensor which measures
displacement while being separated a predetermined
distance from the vacuum insulation material 401.
[0079] However, the displacement measuring unit 420
is not limited thereto, and various modifications may be
made. For example, the displacement measuring unit
420 may be realized by a piezoelectric displacement sen-
sor which measures a displacement while being attached
to the vacuum insulation material 401.
[0080] The frequency analysis unit 430 measures the
natural frequency of the vacuum insulation material 401
based on the measured displacement. That is, the fre-
quency analysis unit 430 may process the measured dis-
placement via FFT (Fast Fourier Transform) to obtain a
frequency spectrum. The frequency analysis unit 430
may analyze the frequency spectrum to measure the nat-
ural frequency of the vacuum insulation material 401.
[0081] Meanwhile, as described above, the frequency
analysis unit 430 may measure the natural frequency of
the vacuum insulation material 401 based on the mag-
nitude of the force measured by the force measuring sen-
sor 412.
[0082] That is, the frequency analysis unit 430 may
convert the measured displacement to a mechanical
compliance value (displacement/force) according to an
equation regarding a relationship between the displace-
ment and the force. Further, the frequency analysis unit
430 may analyze the converted mechanical compliance
value in a frequency region, and measure the natural
frequency of the vacuum insulation material 401.
[0083] The vacuum evaluation unit 440 evaluates the
internal vacuum degree of the vacuum insulation material
401 based on the measured natural frequency. To this
end, the vacuum evaluation unit 440 may compare the
natural frequency measured by the frequency analysis
unit 430 with a reference frequency. The vacuum evalu-
ation unit 440 may evaluate the internal vacuum degree
of the vacuum insulation material 401 according to a com-
parison result.
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[0084] Specifically, if the measured natural frequency
deviates from a reference frequency range, the vacuum
evaluation unit 440 may determine that the internal vac-
uum degree of the vacuum insulation material 401 is
poor. On the contrary, if the measured natural frequency
is within the reference frequency range, the vacuum eval-
uation unit 440 may determine that the internal vacuum
degree of the vacuum insulation material 401 is good.
[0085] Here, the term "reference frequency" means a
natural frequency of the normal vacuum insulation ma-
terial 401. Normal vacuum insulation materials 401 may
also have slightly different natural frequencies. Thus, the
reference frequency may be preset to have a value within
a predetermined range in consideration of such differ-
ence.
[0086] Meanwhile, an apparatus for evaluating an in-
ternal vacuum degree of a vacuum insulation material
according to another embodiment of the present inven-
tion is similar to the vacuum degree evaluating apparatus
400 of Fig. 4. However, the apparatus according to this
embodiment differs from the vacuum degree evaluating
apparatus 400 in that the natural frequency of the vacuum
insulation material is measured by measuring accelera-
tion of a material point. Thus, in this embodiment, only
an acceleration measuring unit will be described.
[0087] The acceleration measuring unit serves to
measure acceleration of a material point upon application
of impact to the vacuum insulation material. That is, the
acceleration measuring unit measures acceleration of a
point (region) of the vacuum insulation material to which
impact is applied.
[0088] The acceleration measuring unit may be real-
ized by a laser acceleration sensor which measures the
acceleration while being separated a predetermined dis-
tance from the vacuum insulation material. However, the
acceleration measuring unit is not limited thereto, and
various modifications may be made. For example, the
acceleration measuring unit may be realized by a piezo-
electric displacement sensor which measures accelera-
tion while being attached to the vacuum insulation ma-
terial 401.
[0089] Fig. 5 is a flowchart of a method of evaluating
an internal vacuum degree of a vacuum insulation ma-
terial according to one embodiment of the present inven-
tion. Here, the method of evaluating an internal vacuum
degree of a vacuum insulation material may be per-
formed by the apparatus 400 for evaluating an internal
vacuum degree of a vacuum insulation material as shown
Fig. 4.
[0090] Referring to Fig. 5, in operation 510, the appa-
ratus strikes a vacuum insulation material with a hammer
to apply impact thereto. Here, the hammer may be auto-
matically operated by a mechanical apparatus provided
to the apparatus as described above, but may be man-
ually operated by a user.
[0091] Next, in operation 520, the apparatus measures
displacement of a material point according to the impact
applied to the vacuum insulation material. That is, the

apparatus serves to measure displacement of a point
(region) of the vacuum insulation material to which the
impact is applied.
[0092] Measurement of the displacement may be per-
formed using a laser displacement sensor which meas-
ures the displacement while being separated a predeter-
mined distance from the vacuum insulation material.
[0093] Next, in operation 530, the apparatus measures
a natural frequency of the vacuum insulation material
based on the measured displacement.
[0094] Namely, the apparatus may process the meas-
ured displacement via FFT (Fast Fourier Transform) to
obtain a frequency spectrum.
[0095] Further, the apparatus may analyze the fre-
quency spectrum to measure the natural frequency of
the vacuum insulation material.
[0096] Meanwhile, the apparatus may measure the
magnitude of force applied to the vacuum insulation ma-
terial using a force sensor provided to the hammer. The
apparatus may measure the natural frequency of the vac-
uum insulation material based on the magnitude of the
force measured by the force sensor.
[0097] Specifically, the apparatus may convert the
measured displacement to a mechanical compliance val-
ue (displacement/force) according to an equation regard-
ing a relationship between the displacement and the
force. Further, the apparatus may analyze the converted
mechanical compliance value in a frequency region, and
measure the natural frequency of the vacuum insulation
material 401.
[0098] Next, in operation 540, the apparatus evaluates
an internal vacuum degree of the vacuum insulation ma-
terial based on the measured natural frequency. To this
end, the apparatus may compare the natural frequency
measured by the frequency analysis unit with a reference
frequency. The vacuum evaluation unit may evaluate the
internal vacuum degree of the vacuum insulation material
according to a comparison result.
[0099] That is, if the measured natural frequency de-
viates from the reference frequency range, the apparatus
may determine that the internal vacuum degree of the
vacuum insulation material is poor. On the contrary, if
the measured natural frequency is within the reference
frequency range, the apparatus may determine that the
internal vacuum degree of the vacuum insulation material
is good.
[0100] Fig. 6 is a flowchart of a method of evaluating
an internal vacuum degree of a vacuum insulation ma-
terial according to another embodiment of the present
invention.
[0101] Referring to Fig. 6, in operation 610, the appa-
ratus strikes a vacuum insulation material with a hammer
to apply impact to the vacuum insulation material. Then,
a vibrating exciter may be used as a tool for striking the
vacuum insulation material in addition to the hammer.
[0102] Next, in operation 620, the apparatus measures
acceleration of a material point according to the impact
applied to the vacuum insulation material. That is, the
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apparatus serves to measure acceleration of a point (re-
gion) of the vacuum insulation material to which the im-
pact is applied.
[0103] Here, measurement of the acceleration may be
performed using a laser acceleration sensor which meas-
ures acceleration while being separated a predetermined
distance from the vacuum insulation material.
[0104] Next, in operation 640, the apparatus measures
a natural frequency of the vacuum insulation material
based on the measured acceleration.
[0105] That is, the apparatus may process the meas-
ured acceleration via FFT (Fast Fourier Transform) to
obtain a frequency spectrum.
[0106] Further, the apparatus may analyze the fre-
quency spectrum to measure a natural frequency of the
vacuum insulation material.
[0107] Next, in operation 640, the apparatus evaluates
an internal vacuum degree of the vacuum insulation ma-
terial based on the measured natural frequency. To this
end, the apparatus may compare the measured natural
frequency with a reference frequency. The apparatus
may evaluate the internal vacuum degree of the vacuum
insulation material according to a comparison result.
[0108] Specifically, if the measured natural frequency
deviates from the reference frequency range, the appa-
ratus may determine that the internal vacuum degree of
the vacuum insulation material is poor. On the contrary,
if the measured natural frequency is within the reference
frequency range, the apparatus may determine that the
internal vacuum degree of the vacuum insulation material
is good.
[0109] As such, the embodiments of the present inven-
tion relate to a nondestructive evaluation method of vac-
uum insulation materials through frequency response,
that is, a method of analyzing change in natural frequency
according to an internal vacuum degree of a vacuum in-
sulation material to evaluate the internal vacuum degree
of the vacuum insulation material.
[0110] Thus, in the method and apparatus for evalua-
tion of an internal vacuum degree of a vacuum insulation
material according to the embodiments of present the
invention, since application of strong stress to the surface
of the vacuum insulation material and a long evaluation
time are not required and the degree of vacuum may be
evaluated based only on rigidity of the vacuum insulation
material according to the internal vacuum degree thereof,
the method and apparatus according to the embodiments
of the present invention may be usefully applied to quality
inspection of a vacuum insulation material.
[0111] Although some embodiments have been de-
scribed herein, it should be understood that various mod-
ifications can be made without departing from the scope
of the present invention.
[0112] Therefore, the scope of the present invention
should not be limited to the embodiments described
above, but should be determined according to the ac-
companied claims and equivalents thereof.
[0113] Although the present invention has been de-

scribed with reference to the embodiments and the ac-
companying drawings, the present invention is not limited
to the embodiments and various modifications and
changes can be made by those skilled in the art.
[0114] Therefore, the spirit and scope of the present
invention should be limited only by the following claims
and equivalents thereof.

Claims

1. A vacuum insulation material comprising:

a barrier film; and
a core,
wherein a rigid body thinner than a reference
thickness or a getter harder than a reference
hardness is formed between the barrier film and
the core, or the rigid body thinner than the ref-
erence thickness is formed on the getter formed
between the barrier film and the core to ensure
surface flatness and surface hardness of the
vacuum insulation material.

2. The vacuum insulation material according to claim
1, wherein the reference thickness ranges from 0.5
mm to 0.5 mm.

3. The vacuum insulation material according to claim
1, wherein the reference hardness ranges from 2H
to 4H.

4. An apparatus for evaluating an internal vacuum de-
gree of a vacuum insulation material, comprising:

a hammer unit which applies impact to a portion
of a surface of the vacuum insulation material
corresponding to a rigid body or a getter in the
vacuum insulation material to excite the vacuum
insulation material according to claim 1;
a displacement measuring unit which measures
displacement of a material point according to
the impact applied to the vacuum insulation ma-
terial;
a frequency analysis unit which measures a nat-
ural frequency of the vacuum insulation material
based on the measured displacement; and
a vacuum evaluation unit which evaluates the
internal vacuum degree of the vacuum insula-
tion material based on the natural frequency.

5. The apparatus according to claim 4, wherein the fre-
quency analysis unit processes the measured dis-
placement via Fourier Transform to obtain a frequen-
cy spectrum and analyzes the frequency spectrum
to measure the natural frequency of the vacuum in-
sulation material.
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6. The apparatus according to claim 4, wherein the vac-
uum evaluation unit compares the natural frequency
measured by the frequency analysis unit with the
reference frequency to evaluate the internal vacuum
degree of the vacuum insulation material.

7. The apparatus according to claim 6, wherein the ref-
erence frequency is an average value of natural fre-
quencies of normal vacuum insulation materials ac-
cording to size and weight and is within a predeter-
mined reference frequency range.

8. The apparatus according to claim 6, wherein, when
the measured natural frequency deviates from the
reference frequency range, the vacuum evaluation
unit determines that the internal vacuum degree of
the vacuum insulation material is poor, and when the
measured natural frequency is within the reference
frequency range, the vacuum evaluation unit deter-
mines that the internal vacuum degree of the vacuum
insulation material is good.

9.  The apparatus according to claim 4, further com-
prising:

a force sensor for measuring a magnitude of
force transferred to the vacuum insulation ma-
terial as the hammer unit strikes the vacuum in-
sulation material,
wherein the frequency analysis unit converts the
measured displacement to a mechanical com-
pliance value according to an equation regard-
ing a relationship between the displacement and
the force, and analyzes the converted mechan-
ical compliance value in a frequency region to
measure the natural frequency of the vacuum
insulation material.

10. The apparatus according to claim 4, wherein the dis-
placement measuring unit comprises a laser dis-
placement sensor which measures the displacement
while being separated a predetermined distance
from the vacuum insulation material.

11. An apparatus for evaluating an internal vacuum de-
gree of a vacuum insulation material, comprising:

a hammer unit which applies impact to a portion
of a surface of the vacuum insulation material
according to claim 1 corresponding to a rigid
body or a getter in the vacuum insulation mate-
rial;
an acceleration measuring unit which measures
acceleration of a material point according to the
impact applied to the vacuum insulation materi-
al;
a frequency analysis unit which measures a nat-
ural frequency of the vacuum insulation material

based on the measured acceleration; and
a vacuum evaluation unit which evaluates the
internal vacuum degree of the vacuum insula-
tion material based on the natural frequency.

12. The apparatus according to claim 11, wherein the
frequency analysis unit processes the measured ac-
celeration via Fourier Transform to obtain a frequen-
cy spectrum and analyzes the frequency spectrum
to measure the natural frequency of the vacuum in-
sulation material.

13. The apparatus according to claim 11, wherein the
acceleration measuring unit comprises a laser ac-
celeration sensor which measures the acceleration
while being separated a predetermined distance
from the vacuum insulation material.

14. A method of evaluating an internal vacuum degree
of a vacuum insulation material, comprising:

applying impact to a portion of a surface of the
vacuum insulation material according to claim 1
corresponding to a rigid body or a getter in the
vacuum insulation material;
measuring displacement of a material point ac-
cording to the impact applied to the vacuum in-
sulation material;
measuring a natural frequency of the vacuum
insulation material based on the measured dis-
placement; and
evaluating an internal vacuum degree of the vac-
uum insulation material based on the natural fre-
quency.

15. The method according to claim 14, wherein the
measuring a natural frequency of the vacuum insu-
lation material comprises:

processing the measured displacement via Fou-
rier Transform to obtain a frequency spectrum;
and
analyzing the frequency spectrum to measure
the natural frequency of the vacuum insulation
material.

16. The method according to claim 14, wherein the eval-
uating an internal vacuum degree of the vacuum in-
sulation material comprises:

determining that the internal vacuum degree of
the vacuum insulation material is poor when the
measured natural frequency deviates from a ref-
erence frequency range; and
determining that the internal vacuum degree of
the vacuum insulation material is good when the
measured natural frequency is within the refer-
ence frequency range.
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17. The method according to claim 14, further compris-
ing:

measuring a magnitude of force transferred to
the vacuum insulation material as the hammer
unit strikes the vacuum insulation material;
converting the measured displacement into a
mechanical compliance value according to an
equation regarding a relationship between the
displacement and the force; and
analyzing the converted mechanical compli-
ance value in a frequency region to measure the
natural frequency of the vacuum insulation ma-
terial.

18. The method according to claim 14, wherein the
measuring displacement of a material point compris-
es measuring the displacement of the material point
using a laser displacement sensor separated a pre-
determined distance from the vacuum insulation ma-
terial.

19. A method of evaluating an internal vacuum degree
of a vacuum insulation material, comprising:

applying impact to a portion of a surface of the
vacuum insulation material according to claim 1
corresponding to a rigid body or a getter in the
vacuum insulation material;
measuring acceleration of a material point ac-
cording to the impact applied to the vacuum in-
sulation material;
measuring a natural frequency of the vacuum
insulation material based on the measured ac-
celeration; and
evaluating an internal vacuum degree of the vac-
uum insulation material based on the natural fre-
quency.

20. The method according to claim 19, wherein the
measuring a natural frequency of the vacuum insu-
lation material comprises:

processing the measured acceleration via Fou-
rier Transform to obtain a frequency spectrum;
and
analyzing the frequency spectrum to measure
the natural frequency of the vacuum insulation
material.

21. The method according to claim 19, wherein the
measuring acceleration of a material point compris-
es measuring the acceleration of the material point
using a laser acceleration sensor separated a pre-
determined distance from the vacuum insulation ma-
terial.

22. A method of evaluating an internal vacuum degree

of a vacuum insulation material, comprising:

applying impact to a portion of a surface of the
vacuum insulation material according to claim
1, which corresponds to a rigid body or a getter
in the vacuum insulation material, with an exciter
for generating force;
measuring acceleration of a material point ac-
cording to the impact applied to the vacuum in-
sulation material;
measuring a natural frequency of the vacuum
insulation material based on the measured ac-
celeration; and
evaluating an internal vacuum degree of the vac-
uum insulation material based on the natural fre-
quency.

23. The method according to claim 22, wherein the
measuring a natural frequency of the vacuum insu-
lation material comprises:

processing the measured acceleration via Fou-
rier Transform to obtain a frequency spectrum;
and
analyzing the frequency spectrum to measure
the natural frequency of the vacuum insulation
material.

24. The method according to claim 22, wherein the
measuring acceleration of a material point compris-
es measuring the acceleration of the material point
using a laser acceleration sensor separated a pre-
determined distance from the vacuum insulation ma-
terial.
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